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lhian  Wilson,  a ]I)cn)bcr of Ihc G1’S NcI\vork Olw~aliolw
[i IOU])  ii{  IIIC JCI Propulsion I ~il)()];li()~y  ill P;IS:Id  CII;I,  C~A,
11:1s  I)ccll sludying Illc i(JlwsphcIt  using  l:il[il(l;l~  Iolillio]i”

illld (;1’S dill:l  Ii)] f i v e  yC;lrS. I Ic is lhc Cogninnl  Iksi~,ll
lin~,imcl (JI’ lIIC Clltl(’111  ()])Clilli()llill  i~~nosplwr~  calil)lalit)]]
sol’{\\Ji)]l [’or tlIC I>cc]) S]);ICC Nct\\IOIk, wl]ich US(S  (;l}S
(Iiltil 110111 Il]ulti])lc silts I() C<lrll.cl navig,ali[)]l  radio lllcllic
dala !’0] i~nlospl]cli{”  delay cI’I’cLW, IIc L’olllillucs 1{1 pursue
cfl’(ills 10 ilnl)]t)\~c  (k Calii)lalioll systcll) illld  \’alidalc ils
:Ic’cu lacy I)y coll)j)ilrisolls”  \vilh illdcpcndclll ioll(w]~hclc
Ill($;lsllt{’lllc[lls  such as \/cry l~~ng IIasclilw lnlcrt’cronlclry
;I IId Ihc ‘I’O}  ’IX  CItl:ll-lrc’(]ilcllcy  irllimclcr, IIc is curlcntly
illvolwd in producing sulPhoully glolxll ionosl)l]cri~’ lllil])S
usi]lp,  G1’S d;lla frtln~ S()+ \\’[)rld-\\’idc  silts aIId  \’alid;llili!:
thcil accu I;icy.

AHIIK)ny  J. Maltnw’ci is a ]nclt~lrcl of Ihc lcchllica] stall’ ill
IIIC G1’S Nc{wt(~rk  C)l~cIa[i{)]ls  CiIoup  at IIIC JCI  Pto])ulsiol)”

1,iIIN)I:IIOI}  i]) Piisiidc]i;l,  C~A. }Ic II:IS S])LI)I [I)c I:Is[ fotll
ycals dc\’clopillg  a]ld (ll;l];lulcliyillg io]]osl)hclic
Calil}]illi(lll SySIClllS  101  ClCC])  Sl)il  CC Irackitlp,  ;Illd  l~ilr[ll-

oll)ilct  salcllilc  ;Il)])licalio]v+. IIc h;Is o\cr lcn years 01”
cx]wlicllcc  dcvt’loping h i g h  ilCClllii  Cy lIIC:ISUI1’lIICIII

It(’hlliqucs  iila  \l;lliCly  ofl CClllli  Cill:lICilS.  CWllclllly,  Ilc i s

f(~~wsii]p,oll  illclc’ilsillglllc ilCCll13Cy  olCiPS-l):lScd  p,lolMl

io]]osl)l)c]j[”  Illal)s  I)y illl])lo\/iily,  [Ilc  1110( 1(’1s illl(l  cstiltlaliott

Sllalcy,y.

Al)slIil~l

I.i]lc-ol’-si::lll  i(~llt~sl)llt]ic 111 Cil Sll  II’ll)Clll  S dcli\cd I’I{JIII
diflc[cllci[i~l, (Ill;il-1’rl’(l[lcllcy  (ilol)ill  l’osili(~llilly, Syslcl Il
( ( i ])S) lJSCild(,lilll~,C d;llil ~11(’ co]til])lrd Iy ilhllull]cn(al
I)iascs in lx~ll] Ihc [cccivcrald G1’S salcllilc IIallsl]lillcts
dU(’  10 lIill(l\\r21(’  dCl;ly S ill lllC 1,1  illld  1,2 Sigllill  });1111S.

}liir Cl\\’:l  rcu;llillrilliolio  l’lllu”  il\Sltlllll  Clllill(ICl;ly  ispwsil)lc
I’ol son~r  lyl)cs o f  rccci\’cls  (c. y,., AI ICII  Osl){)rllc
Ass(~{”i;t(c’s  }-loguc SN}<-8),  lwt Ihc salcllilc  I)iascs Itt IJSI

Iw l’Slilllill  Cd usi]ig  a  r~n]olc  Icchniquc,  Ignorinp,  lhc

salcllilr  (~ccci\wr) biases \vhc Ii col]lpulinp,  Iillt’-[ll’-sigltt
“1’t~(’  lllCil  Sll[(>lll  CIIIS I’loll) Cil)S  ()[)SCIV:II)I1’S  Illil!  1 ( ’  S1111  ill

au crlor  o f  *9 (*30)  “1’t-XU  (1 ‘1’IK unit =  101 ~
cll’c’lro]ls/]llclcr2 = 0.3S llilllOSCCOlld  S 01 diffcrcnlial
delay).

LJsing,  a glolxi] iolmspl]c~ic  shell n)odcl to Iil G1’S-l);Iscd
i(~]lc)s])tlcric  clcltiyclti[a fr(~llla worki-wide m’tvwrkof50+
~ccci\~cls, w c  can silllllll;l]lc’[lllsly cslimir[c a glolm]
ionospheric ma]), salcllitc  I)iascs for  the  cnlirc G]%
conslcllation,  and rcccivcr biases for all the umvilil)r;llcd
](ccivcrs. ‘1’l]tll]]cc’]l:lillly iltll]r  r(’sllllillg  cslillldtcs (~ftllc’
Sill Cllil(’ I)iascs  is a do]ninanl  error source ill cxlracling
Iillc-of-siglll ‘1’11~ mrasurcmcnls  from G}’S  olmwrlks.
WcprcscnlllIc  rcsulls  ofdaily  fils(~f s:ilcllilc’ l)i:lscsovcr
a pcrlod splllllillg 20 molllhs from Jan. 1993 I]lrollgh ALIg.
1994. SC`l~l'll sc})iirillC lilllc])Cri(Jds  cacll C(}llsislil]g (} fl[J-
1 2  colwccuti\~c dilyS we re  pIOCcssCd.  ‘1’hc d:ly-1(~-d:ly
\lilliill)ilily  ofthc  cslin]alcs  has t){’cllcolll])lllt’d  in all cfforl
10 assess lhci] l)rccisi(~n. 13cfo~c  anii-spoofing  (AS)
cll(]yplio]l  o f  Ihc (;1’S Ianging mdc, lhc cslimatcd
salcllilc biases cxhil)ilcd a day-t(~-dily standard Cfcviillion
(~ fo.6]l:ltl(}scc(  >]lcls(~r 1.7rl’li(:U. With tl](>il(lvc]){  of AS
c]wlyplion, tlw pscudorally.c  olmrval)lc  cxhil)ils a lower
sigllill-lc~-llclisc rillio,  1)111  (IIC d a y - l o - d a y  rcproducil)ilily  of
ll]cl)i:lsi's ll;ls]l(ll  cl]:l]lgcd sigllificalllly. ‘I’llis ])r{’lilllillilry
s(udy ilt(liciltcs !1):11  AS I); ls]mt ha(l a si~nificallt  il~)])il~l~]l
our cslimatcs of lhc s;ttcllilc biases. “1’hc  Cuticnl srrlcllilc
I)ii]s cstimalcs (will] AS on) arc consistent with ihc prc-AS
VilfltCS  toil  l)rc(’isioltof  o.611so rl.7’J’[l[~LJ.

line-of-si@l i(lr]os])hcrc mcasurcmcrlts  derived from
dillcrt’llcill~ dual -1’rcqucncy  GPS delays arc cwrruplcd  by
irv+lrumcnla]  l)iilSCS iu bolh  Ihc rcccivcr  ald G1’S srrlcllilc
Iril]lslllillcls.  ‘1’111’ inslrlllllclllill  t~iil S i s  lIIC diftcrcucc
lwlwcc]l  the l\vo dispersive de l ays  inlmduccd  hy lhc
illlill[l~  ll:lrd\\’iirC  ill tllC 1.1 :Illd 1,2  Sip,llill  ]):1111S.  “1’IIC  linc-
(~1-siglll  dift’crclllial delay l)cl\vcc N a G1’S rcccivcr  and
salcllilc Ca II  IK m o d e l e d  as lhc sum of ir rcccivcr I]ias, a
salcl]ilc  Iramsmillrr I)ias,  rrr]d lhc aclual l i n e - o f - s i g h l
ionosphcl-ic  lola] clcclro]l colIlclll (’I’l K1). Chrcxpcricllcc
with h a r d w a r e  ciilii)rations  f rom Ihc l-loguc SNR4
]Lccivcr (Allen Osl)orrlc Associa{cs)  il}(licil(c  III;II  [hc I)ias









‘1’his lCiidS  11S [() lCltlali VCly {“OIIC’ILI(II°  Illill 111(’ salcl]ilc
I)iascs ;IILS (xlnsla IIl  ill  Iiii]c  OVCI n]d]ly  IIN)IIIIIS ;11 tl]t ]cvcl
of ().() 11s 01 I .7 ‘1’li(:tl.

Acl{llo}vle{lgl]]etlts

‘1’his analysis  w;is Inadc p[wsil)lc  by Ihc high qualily 01’ lIIC
~l(lllill GPS daia scl, lhc rcsull 01 a collalwratiw  cfk)ll
involving really pcol)lc at Jt’1, and at othc[ CC IIICIS alc~ald
lIIC li’(l~ld.  W1’ ;11S() w i s h  1[} Cx])lcss our a})])  l(’(’iiltiol)  1(1

(Ill’ 1,imlqwisicl, I);lh-Ni]~g, Yuali, ;Incl  ‘1’011) l<unp,c  I(JI

hcll)l’ul  discus  siotls and Suggcslions.  “1’l]c  lcscalctl
dcsulilwd  i]) {his paI)c]  \\’ils j)cd’[lrn]cd  I)y IIlc JCI
PJOI)IIlsioI~”  l.al)()]aloly,  ~~alilo~]lia IIlslilu(c  0 1
‘1’cchnology,  uldcr  colillacl will] IIIC Na[iol)al  Ac]~~n:latics
and S])il~t> A(lll~i]lis[t;l(i(>l].
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Daily b i a s  e s t i m a t e s  f o r  t w o  satollitcs:
clay-to-day scatter c o m p a r i s o n

5 1 1
I

1 1 1
i

1

4- ; ‘;~ Fl Y@-’””- ; ;~;:::: -
--+** ‘ . . . . ...?...

March ’93  (d is turbed ,  A~ off)
3- ;.. .

: ‘  3 ‘>..  .* : “_::;.  ”:.’.:.,  ‘i ‘0 .“..
‘O’+1 5 “ . . . . . . . . . - ● .:i -- -._ ; ().27 IIS

2-– . . . . . . . . . . . . . . . . ..D.- . . . . . . . . . .= . . . ..j
Augtist ’93 (q{liet, “As” r+ff) -:

id

1- - ~~~~ =--+> i . . . . . ..~.... ,: 2==%
1 3 -’--J.. . . . . . -%---.:’-’~
15 ; ~ “---4/ ‘“””~ i ““”4 ‘“ :

0-- Febyr.iary ’94 ~(cfisturbecl~  AS o n )  / ~~ ~~~~~~  - - -  ~~ ~ ~~ - - - -

/“-... /“---- J13 *---
1- ./> ~ ().,, ,,<::J ;s y~/ - - - - - + . . . > *  , ,

-15 D-”””” ;
A u g u s t ’94  (qu ie t ,  AS  on )

2 I I I I 1 I

o ? 4 6 8 10 1 ?

D a y

I(iv,urc 3 - I)ay-lo-day ]lj))()(ltlcil)  ilily 01 Il)c sftlcllilc l)iilS V;tlucs plollcd (Ivcr 10 days for Iour dilTr.rcnl  pcrimls:  Iwo with
AS o1’1’ ;Iml IWO will] AS (J]].  7’IIc lCVCIS  of Ihc I)iascs lMVC Ixcn adjus[cd arbitrarily in order to separate the lines
1{)1 visil,ili[y. NLJIC Il)i)( tlIc SC;IIICI  is II(JI  c(,llsislc]i(ly  l:irgcl  1(JI tlic two A S  (ctdclcss  data)  ]xriods.  ‘1’lIC day-to-

day standard  dcvi:ilioll is lnorc str(~]lgly a Iutldion  of ihc SIHIC o(’ (IIC ionosphere than of Ihc prcscncc of AS.
110(11 AtI~,. ’03 il]](l AtI~,. ’94 were  q u i e t  ]Jcli(ds,  \i’llilc  MilI. ’93 211d IcI). ’94 WCI1  lmxlcralc]y dislurl)ccl.
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l:il!ult 4 l;SlilllillCd  SillCllill’ l)iil  SCh [’01 lout  I)cticds dutilw 1 9 9 3 - 9 4 . ‘l’] It’ (lll(~(Cd \’il]lll’S  illld CII(lIS  ~[1’  1]11’ 111[’;111 ;llld

s[; II Id;IId dcIialioll  {JI’  10- 12 sutcussivc daily cslilll;llcs.
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Satellite bias estimates versus time for
7 periods spanning Jan 193 to Aug ’94
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l;i~,utc S }’](J[ 01” Sclcclt’d sillCllilC I>i;lscs I,clsus lilllc (Jvc[ d period of 20 IIl{)llllls. Notice IIMI IIW bi;lscs did m~I ch;ltlgc
sip,llil’ican(ly  WIICII  AS N’;IS  IUIIILX1  (~tl (vclti~,al Iillc ;It mc)llll] 13). “1’hc  dat;i [Ire cc~llsistcn( with I IN claim [hat lhc
Sil((>llil(’  I)iascs ill{  (ol)\lillll ill  Iil]lc  ill IIlc lc\cl OI’().  () IIS (Jl 1 .“/ “1’li(~(l.
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JPL estimated satell ite biases during
the period Jan ’93 thru Aug ’ 9 4

Largest spread is 1.6 ns; largest sigma is 0.6 n s .
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t;i~!ulc () 1’10{ 01” IIIC ]]]~it]] ()[’ IIIC cs(illliitcs  lot  C;ICII satt>lli[c I)iiis  f’or S(’\~CII  1 ()-1? dtiy ]wriocls  s])annily,  Jii]).  199310  Aug.
1994. ‘1’hc  cllt~r  l)ars  Il>prcsclll, 11(11 lhc S1/lll(lilld  dcvialion,  1)111 IIIC 10I:I1  Variillioll 01 lk NWII cslilnalcs dtlrillg
Ii)c 20 111011111  }writd. “1’lic Iill&(Csl wlti;lli(~ll is 1.() 11s f~)l  (il’S #19, while tllc lill~,{’Sl  slaml;IId  dcvialion  is 0.6 11s
1’01 G1’S //?9.


